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UHER EXFAUDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a laataUic liner vhei^in an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner In an oil weU or other conduit. 
O^Tplcally, a corrugated steel liner Is inserted in a conduit ^ich is to be 
lined, the greatest peripheral dimension of the Uner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed In the conduit, and a flrst-stage expanding die 
causes a gross plastic deformation of the liner. Which is e3q)anded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer defonnation of the liner to provide a smoother, 
more finished surface on the Inside of the Uner and to assure more conqaete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frlctional drag of the flrst-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in \4xlch the 
liner Is being InstaUed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frlctional force ^ch results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result In rupture of the casing ■ 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as vhere 
a cantilever spring arrangement Is en^loyed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
aaechanlsm having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the Inside wall of the 
coQdiilt after being passed through the liner* 
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since tools of the type mentioned above often are employed In wells 
deep m the ground. It Is highly preferable that a tool be used which under no 
circumstances will become stuck In the well or cause damage to the well. Any 
such trouble occurring in a weU can result in considerable loss in time and 
great expense In making repairs. 

An object of the present Invention Is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object Is an 
Improved expanding tool for Installiag metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being Installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the Invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con« 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
20 tudinally movable in respect of the other and stop means on said body member 
to Umit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the appUcatlon of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner Inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accon5>anying drai^ings wherein: 
^ Figures U, IB and IC, taken together, constitute a partial sec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 Is a sectional view of the apparatus of Figure lA taken at 
line 2-2; and 

Figure 5 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings. Figure lA Is the bottom portion of a 
liner expanding tool for \ase In Installing a metallic liner In a well, while 
Figure IB Illustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 Is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which It 
Is desired to Install a metaUic liner. Before Inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at Its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cyUndrical hoUov shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft l8. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The ana members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2^ sUdably positioned on the shaft to serve as a secood^stage 
expander. The surface of the member 2U, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwartily. Advantageously, the 
inside surfaces of the aims 22 and the outside surface of expanding member ^ 
form mating sections, typically octagonal in shape. The expansion of the aim 
members is controlled by the position of the member which moves upwardly 
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until It contacte ahoulder 26 provided oa the shaft. As laember 2k movee la a 
downwardly direction anas 22 fold Inwanily toward the aheXt. The expanding 
arms 22 are held in place on the shaft by collar 27 end circular groove 28 
provided on the ohaft. 

The expanding tool, comprlelng the first-stage die and the second, 
stage die le drawn through the liner to expand It In place In the casing. Otoe 
flrat-etage die provides a gross deformation of the liner bo that It Is 
expanded outwardly against the vaU of the casing* The second-stage die then 
passes through the Uner and performs the final expansion to smooth the Inner 
surface of the Uner and to provide more even contact between the liner and 
the vaU of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the Uner. The assembly is lowered 
Into the well at the location at which the Uner Is to be set. A Uquld, such 
as oil. Is then puoped under pressure down the well tubing and flows through 
the passageway 29 provided In poUehed rod 31, through ports 32 end into cylln- 
der 33 connected to the upper end of the shoulder 16- Vpoa the appUcation of 
fluid pressure to the cylinder, the piston 3*^ secured to polished rod 31 moves 
upwardly in cyUnder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 1?. When the piston ^ . 
moves upwardly through the cyUnder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated Uner 1^* and "iron out" 
the corrugations in the Uner, so that the expanded Uner may contact the 
inside waU of the casing la which it is being installed. Positioned on the 
shaft below the expanding member 2tHs a constant force spring member 37 which 
is employed to urge the expanding member against the esqianding anas 22 with a 
substantlaUy constant, force . The force exerted against the am members being 
substantlaUy constant, the force transmitted throug^i the am meabere to the 
liner and to the casing wlU be substantlaUy constant so that either sticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the frlctlooal 
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forces between the tool azid the liner and the pressure exerted ag^nst the cas- 
ing flire maintained at predeteinnined safe levels. Ttie constant force spring 
member assures that the contact pressure between the liner forming portion 23 

f! 

Of the aims 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
16 and held between the expanding element 2^ and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 16. The differential screw 

10 element comprises shaft member l8 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 3da and thimbXe 
member Ul provided with threads 4la and 4lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder* The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft l8 when the shaft is revolved relative to thimble hi. 
The shoulder 38 is secured to the shaft l8 by splines U5 so that it can slide 
longitudinally, but It is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs ^2, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 3da is the same as that of the shaft threads l8a, e.g. ri^^t- 
hand threads, and the pitch, or lead, of threads Ida is slightly greater than 
that of threads 36a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on apring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 , threads on a shaft approximately I.7-ineh outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.3*inebea 
inside diameter. 
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Constant force spring clement 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plAte member kk is In contact with the upper ends of the 
columns and Is slldably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2^^. Lover 
bearing plate member kS contacts the lower ends of the col\amns and Is moved 
upwardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screw element 39* Grooves kj are provided 
in each of the bearing plates, to form an upper race and & lover race, into 
which the ends of the columns are Inserted. These grooves may^ shaped to 
conform with the s.-iape of the column ends if desired. A cover kQ may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops and 49a are provided for this purpose. 
As shown, the stops arc rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longltudlnaUy thereon. The ends of the stops may mo e toward, or away 
from, each other as the load on the spring member varies. Lower sleeve 49a 
is prevented from moving down by lover shoulder 38 connected to the shaft I8. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
defomatlon of the column element U3. Various alternative means for prevent- 
Ing damage to the column element may also be employed. For exas^le, pins or 
rings mounted on the shaft may serve as stops, or the cover kQ provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be aumnged around the 
shaft Ifl, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted in the races kji The columns may be 
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ritted closely together as shown, or nay be spaced around the race, with sepa- 
rators used between them to oaintBin the desired spacing. The nuaber of 
columns employed will depend upon column characteristics and the materials of 
construction. Per example, the slenderness ratio of the colu=n may be varied 
videly, and the column ends may be round, flat, fixed or hinged. The preferred 
construction Is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends, ylterials which may be 
satisfectorily employed for the coluii;n3 are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze. berylUuo copper, th^ high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indl- 
vldual columns are of long rectangular cross -section, with the width being 
greater than the thicknesa, and arranged so that the wider face of the columns 
ta normal to the diameter of the shaft. Thus, vlth sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.l67-inch thick by 0.438-inch wide 
by 10.626.1nches long, with the ends rounded, were fabricated from A.I.S.I 
^y*0 steel, quenched and drawn at 575 'F. Each column was found to require a 
20 critical compression loading of 450 pounds la order to buokl* the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown In Figure 3, wherein is the critical buckUng load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. llieoreUcaUy, the shap« 
of this spring characteristic curve is described by curve OA'AK. Actually, 
this curve is described Iqr OABC due to friction In the system. Points A ead B 
represent typical working Units, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
3d yield point may be used, while with. a great nuaber of flexures, the working 

stress may be held to less than the endurance Umlt of the material of construe 
tion. In the above-mentioned tests, the lat.eral deflecHon wa« limited to 
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epproxlneteXy one Inch, et which the longitudinal deflection w«6 approximately 
0.225 inches. From zero deflection to the maxlmua deflection, the UjO-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection ves Umlted between 0 and about 1.00 Inches by appropriately posi- 
tloning the stops. V^m coivressioa&l loading, the spring element buckled «t 
substantiaUy 25,000 pounds and fn» a longitudinal deflection of 0.0l» inches 
(buckling) to about 0.15 Inches the load remained substaatlaUy at 25,000 
10 pounds. 

Of course, in designing a spring element as above It is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while inalntalnlng 
the stress level in the columns at a safe level, me preferred columns, there- 
fore, are laoinated, as shown m Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
m wen casing, the made-up tool Is lowered into the well as mentioned above. 
With the aims 22 in the retracted position. When the tool is at the desired 
level, the weU tubing is revolved. Tbo fWctlon member 1*2 engages with the 
wall of the caalng and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 1. mowd upwardly fey differential 
screw 39 to buckle spring element 37 «hlch has a predeteralned critical 
buckUng load, mis load is transmitted upwardly against the lower end of 
expander A, and Its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the ams outwardly with a substantially 
constant force prpporti«naX to the critical buckling load of the spring 
eleaeot. Subsequently, the expaladiag tool Is passed through the Uner to 
expand It la the easing in the manner described hereinbefore. 

Ihe foregoing descripuoa of a preferred embodiment of my iavenUon 
has been given for the purpose of exempltflcatioa. It will be understood that 
various modifications In the details of construction vlU become appanmt to 
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the artisan fron the description, and, as such, these Tall within the spirit 
and scope of my invention. 
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I CLAIM; 

I* A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die me m b er comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner -forming member 
frcsn said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said Uner-forming meaber is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being plvotable outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said am znembers to urge said arm members outwardly frcm said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said am 
members, ^rfiereby said aim meinbers are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring member 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate mena>er8 being movabOy positioned on said shaft and being in contact 
with said cone member, stop means ccmnected to said shaft to limit the i^ x l n l 
travel of said movable bearing piate meoiber along said shaft, and ccn^ession 
means for ffift1ntft1n 1 i ; i g a lateral deflection in said columns. 
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©le device of CUlm 3 ^herein said coapreaslon meana conqjrleee 
a differential screw connecting said spring member and said shaft. 

5. The device of CLalm 3 therein said stop means comprises a 
slceve-Uke element connected to said movable bearing plate member and 

3 slldahlor positioned on said shaft and a member connected to said shaft to 
limit the travel of said flleeve-llie element. 

6. The device of Claim 3 wherein said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 

3 wider face noma! to the dlaiiBter of said chaft. 

1 ?• A device for In sta nin g an eaqianded metallic Uner in a conluit 

which CQnqprlses a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a pluxaUty of arm members disposed 
clrcumferentlaiay around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical eacpanding member sUdably 

6 positioned on said shaft between said shaft and said ana nsmbers to uxge said 
ami members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed clrcumferentiaUly about 

9 said shaft; an upper bearing plate member and a lower bearing plate member, 
each slldably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 

12 and slldably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting said shoulder and said shaft to apply 

14 a buckling load to said columns; said- shoulder being engsgeable with the 

15 limiting sleeve connected to said lower bearing plate member, vhereby the 

16 axial travel of said bearing plate members is limited; said column members 

17 tranamittiag their buckling load to said arm members to urge said ana members 

18 outwardly with a substantially constant force. 
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e\)M« t» • I'l WU >M j 4 o o m »i» ♦^«i < lmg tool «tilGgpl«« mak • sgrinc 
4»tlw. «wM Mlkn- c^tMto of «M Uwntlca tlt% taoM i wh ip H . V 

•t^k r«M» tpriac 4»rM* i*iafi wyrt— » V>4» ■ i rt i r» k ^Oamtf^ •fttM 



itt ' tnUMili iDvvVt U nMQwt atf tte na tcy j MM i o« <fti4. tody vteW 
to Ual% Hw 4»n4«tt«» or Mid wlf niirt- to 1 

«r riiM iiiiMni. ^foi taw mill— tt<ii o' ■ i 

» MMiat* BlI irtwl V9tm wtfda^ >«U« i M t t ia w l «i MM. tool 

to M waiNllM iU MiiAcr MilMt ite Ua»r Wlafe lavtaUeA 1» ^^am 
m^A\ \t % ciMmUaU^ «eMl«Bt ferw* 

1^ lattacUflA vlU >oit«r iwi TrtnrH V j » C > wm to tta MliPv- 

ticttal tnavci *9Mf«rnA mMUh* «f • liMr acpM&laff tooH i 
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FitfM • t7plc*l vYoL or aw^tuA vcmt* tef iaetLoa Ibr 

tittr •TT— f tool Ar m ja savtiUlai; • atiMUiA uaior la • «cXl« wUJm 
MAU tM «Mtr M«llM or tta tcol. lh» wy^mtf tooMll* o W wtit W 

OMMMf4^ t^Omt If W ■ly tit Wvll«Ur«Mr^lM«M«CM»^ 

la «MIMa W iaH«Xt « Mtoltlo Umt. hfcn loMrUsf «bv twl tte 
«oU« n oloi^M MitlttUy ancMot.llMor U MHckM Cr» oUa «tMl, 
w aHwr s«l'MI» a«««rl«l« 1« at th« Vh* conv^teA 

1:^ «U IT U tte foni • tmMMd dnuln M«to tanm •» « n«<t« 

■Uji ■ii«nni>£ IT U Itw Ml r — ib* upudlag A1« U 

finlly MMsbaa «» o owtnUy loUM* olwifrttJI «rliM>ltti lioUaf «h«fi 10 
ikiA ftewt ft ^vtiBi or tlw %ov^ or tto tool. M cSM* tl» i n i w ii lln g «U 17 
fl» U MA la vl*ot >«tm& o loMT cboitiAAr 1^ nA oollsr n uiMMlod cntD tte 

^i^jiji j ia U cM 0 MOT tte top; «^ MspoMA lA ila ten of » oyUaior 
az«m4 ■b>rt> 16. fte «aUr^ variloM «C \M HM 23 iMlaf oot^ 
rnxHw ^mAmk «te Hmt to wfOM tlo CImL iW» of mt w nM t m wni i^ MH . 
Maar l«fco « ■iftolwllonjr ogrUattlool ihapo. Tha om oii rtur i K Oiv ^iootaUy 
dtUdMi W Ui* alKtt OD to homU* ootw Ki r ^*f* ^ ^ UffonA 

tjll)"Mtw y •«rfow of tiM wrihic A« u oboBi, w« afwtAly aLobv Um 
«ten to oaiKVt vLth 1^ m aitf oiatnxftl?* Mtwta»Mtt»lx, ttw 

30 loMOo wvnoM of «te OVA n BoA tU oCUUo MfteM of m»i<f"w i wrtiir S% 
rotm Mtaai ••otlm, t^saMUy oct««nHl 1* Iho np«iMleB or xka am 

a^bor» U ooBtnUod >y ttM t&HitXm of tbk M*b» M vtdch ap^f»« opmAljr 
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UM t2 «M biU to flft«* «a <t» thaft tor coU«< maA ctncttUr c/mm afi 
pranArt OB Un steft. 

«£• !• <MMa tfcw# ttt lIMr to wyMd U ta la Iht ewim* V« 
fU«t-«U^ iwu^Hm t «(iOit itfMnbim «r ^ Uatr ao ttei it ift 

r AtfOMt ite IPin of ttO O»l0C. AM ■000^ €tw^ oio tkM 

I tto uaor aal yoiiMo «w noil fc ^rfoo to vovOk «M SMor 



MrfM* of Uo UMT nft to wo«i4« Mipa owM «oot«ot toVMM I 
thi wU oC ifeo CMSBft asft orftot o flMA-tt#A ood. 

]» «oi«ttaD|» tto lUi»i ootttattooL 1« — ii *i3M ot vo nfoee, •» 
dOTorlteS ^ • fUao eloU •■iinotal oitto • r««»JBOtt« Mivnil o^ he 

vnvp^ o^wflM. tM C0rn«rtod to tern tlio Unor. Bo mmoMt U Wwcna 
ISiA tte ooU «S tho* loflKtSOD vbMl Vbo liaor lo to W OOt. A Uqp)&d« neh 
•0 Oil. U tlw TwrT ^or proMBo 4om «M wlL tnUoc ooA flnn thztmtfi 
tte «oo«o»i«r piOTlM U 0ollobod ml 5l« tlirouKi jorto ^ oad lato ofUo* 
Aor 39 uomi<»^ C* t)» ops«- «oo o< tte aboaldcr Ttm tbo o|iplio«tt<io 
flalA frNwn* tA ktao avUater* Cho plotoo >^ oooomA to poUoM ros » ootoo 
l9Mi«ly la ornate A. Okooo. zoi |6 OOMooU vcAlthoS to! 51- OOA ahoTt 
la «r90 aoMtoA «h* xiMt-oUc* iMf Oo flln t dio 17. Vhca U* psoten ^Ifr 

MO «ni«ly thm^ ttM «rludac 39 tte ojvoadtac dlo iT.ool a» oooool. 
ota^ 4io n or* MM iffooHlr late tuo oooTacObod Uoor ik tai Ifoi oot* 
tte aciiio^lnna la Ite Ziarr» ao ttet Ite ■ ■f oo ^ ii i Uaax oajr oootoot tt» 
t^a- Mil «f tik» coalof 1» ioattUol. r«oliSoM4 CB tte 

olMft Mleir OM H^paaiof aiOVor A U a oateni roroa qorlac aaabeir 77 «fcieh 
1* avloioA to «r«* tKa o^artlac mmtttet oialoot CI* Mtfhodlx* ■»« ^ » 
oiAotMtlaUr MMouafc.fttfVO. the fwoa asaaftad Otilort tho oa* a«*fc*ro WUt 
oiiiMtMtlaLly Btautaa^, tte f oroo tf^itMlttaA Um^ orm h^mt* «o t}>^ 
Umr ooA to Itaa oaall^ nU to oiMoAttOVlr- aaaatsot ilM altfaav oUiMmc 
ct 11m tool to (to oaolM or TCtftVO od fto coidoft io ^Mlaflaa* W oraroo, 
tbo tteoo traflM tr W» ■Brtm o-to* W vnodMtol oo not tto Mottoool 
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IBC AM —InlBlanJ ti frMMmdoad Mfto tto» iw— ta Ml tori* ■prt&A 



10 



!■«; jiBMiatlM 4tmiC0 to M«&ac car to «« td6l. 

7tn wo^tmx tano «pri<w m m twr 71 la •ll^^U' BouBtoA am tbo »^*rt 

tiM MUca •yrtMM^bw 9T to ■MftaaAfr liS. 9 



B wmmm «ttfc t^TMd* «n «to aMft cafl %b« ilvttte. B» too 
Mto •€ ttXMto « «o-VM^ neb w t^*^. nUn»l •vmr*, or Am toic«AA« 
to vitMt^ wry umA« Alfff*' 1» vttdb w u«t» MU&AMr 99 i« momm 
^yMwrtiy «K tte ateff lA tfaa ihi ttea 1« MmlirvA nUUM to ikdsMm ^* 
fto rtw^UT )S U to e» iteft 1^ V •fUbm ^} w Oi«£ it caa «Uto 

l£^toAiwUy, tot It to avi CM* to x<ot«to gn tto «tort. TiwUy attototoA 
to tott iDsv «M« cc tto tid]iKto U a Mlettn aeiAar, iwh ■> to» ^^mii ^ 
» l««mUoiillr #cftiifttad frLaiSaa sM, or «ttor rack toHM fto m«ei«Mll7 
iH#i^a«.«ith tto ImiM vmH oT tto Mo4idi to «c«v>« tto 'ttitiftto t^iMt 
tvtotf « vltt fwvwk to tte titoft. mCmUXf «to <UMti«a w£ to* aJwu^iAtf 

M Muitii» hA toi »ito^ w 1mA» «r HumA* Sftk W uiifrtlsr pto««r mm 
toM^ or HMda 98k, vlia tM Bltob f»U« tolBC tHem to aAtj. ^ t^a • 
HUK, eto«k*«lM rvtouUM «f ttm nlaUv* to tto OdAte x w— 
tfoBlAcr mrtir 99 to *A<vnM qrart •U^Uy ani a ae^ffna to a ImA ia awrtaA 
^«i<2r o* al— flt 37 ta cnae 'tocftltoc. ftor «mia»u, ooa p«ii«rM«£*y 

AlXf aianilAl aaxm w Mia iMlai £1^ aal aoa-tolf Uiteda/tocb 

toft ^vnidMtoJy L.T-4atb WUlto A I «»ta t aiDA Claa aoA Um» 
I tbta«U/lMh aomxa toiMOa a » ■toaM** ■(ppraodartaly fl*! 
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imisiHi 





fsesss 

ift. I^pw >««jSm yiMt fMlter U U tA eostaet vitti 1l» moAt of iVi 
Mim MA 1* •liMU jiMiUflwa* «f» ^hm jB t>«mMU ite faro* of tic 

fScte MaW ^6 ooMtaeto «b« Iqm^ mu €f tfaa ttd 1» nvfod 

la Man oT u» taftrlac flatoi* ta fbm aa tM*' mm «■& a Sawr «Ma« Sato 
tM aaoa of %ta ooLmm aza laatarteA. TM* poanaa ma W akapad to 
aa«<a» alta lha itefo ar aabM anSa \r iaaisad. A 9tnwr My ta 

> an3iA» fta«(«i aatUr ftoa «l» iwAjic aMbwlM a«A ta intact 



I snr UtIM'c na AaflaaUoa af UMi ooImm L» ra«ttlr*d. 

aHBl fw«til«M In a kaaUaa atfMltian, ^vUmUob «f - 
ta^ tkatvto imOl aMiM ttflal fallMa ar nvtaro of ika 
TTTlnn- AaMfw, a rmir af atapa Irs* «ra iao«l«aa fear tiaa p«rp^. 

ila ^m, i»» stop* «n rl|MU# coaaavM •« taa Wriaic p)*Ua, mA^ la 
nff^ eauvnaa ^per aad lamr Usttli« alaavaa pertUai^ es ^ dun 
«U4a f a«gltadLMUr fbafaoa. 9n «n«a or tts atapa aty aer«a lonH, ar aMy 
frea^ aaaL athar aatha laaa«a«ia aprtacaMbcr ««KM. Ltmr alacva 49a 
la tnvHtaA fnw aaalac *« ^ ahaaldar » .CMMiUd tM abaft iA. 

Hj—m, apMlai %Bi>Mai Uh aa«a 1* aa ta UalV V* laadtudlnO. 
iza**]. tiM ^Mrttis »aata ■ii H ii i aa tM9 «m »o« » * '^' 
4»f^MwtsoB Of tto aolM ilMiuft ^9. «uSaM al^amttvt aaaaa ftor «m^«^ 
aim to -the aalMM iiMrt aay alao %a Mtilini>Wi far •mafi», pioM or 
j1b9 aoMMA « abaft a^r aarw aif att^if « aa«»r W veawiAM <«cb 
aal^lii OOMadOflBa m^ ^ H^lqiaA lUr Chit |«:yo«e %v >lirtt loogltnllnal 
aad/w Satafkl aartactlea of oolnaw. 

na eolw of u» calaM cl«Niati 43 mqt bi amac^ ow^A taa 
Oaft ]A» aa ateaa kn« nn* a yoritaa «c ite body of Ua «friag 

ta«iM« «lih «la ar tba nnlw ll«b«& 1» Ua laOM bT. « 
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ritud eloMly ta^UMV m ■tero, or ■«« ^ H«r«4 amtf i>» n**, vi«b ve*** 



OMHrmMOA la * tbda, vltb loanM aBda» «rao to wr»m vltMa 

tha imaaa la^MA ta Iba aannMf« at tta %oixm a*^. Xatvrlttta vU^ aaf to 
«a«l««iOiarll« r« «M mIm* ■ 

dradva Ml AtaMl-aiotvijM attttlMV vtoela, < 
M M gttmthat totuo, twrUSai aevr«r, a«ek*l alSavu ma oChar afaAIar 

vttel «BlM« u* «r kacnaW pilay tro— aaeWwi, alUb ttttft Valai 
^asiav ite Iba iMfhwaa, «nl anai^iil ao UmI «■ iMar xaaa of 1»n 
la aaBMl. to lAa niMtar of Om utmtt* 9ta», vlUk MrC&d«Bi« aonffMaalaa 
iMUac tfaa oalMM k^la, aid tasd abooi ifao uix kamg tba 2da«t aMM 

tor axaap^, % ^ e61«mM O.HSt-SMh ifalaib 1y 0.%3&-lach tdOe 
V lP-62^1neb*« lott«, ua aa&a TOvi^aA, mm ratariciKM rrca A.X.e.I 
Kyko ateax^ ^BvalMd B-rt MM «t 779*1- ot^laaa vaa tvmA to ra^dra a 

» ciMlaal «pvcaaaloB laaClat cc MO poaefta 1« 9c«w to Mda tt« aaSM. 
. jurtar thm aalM^ aara fMot to 1m m wj ««rU« dttf«ctoiS»- 

Ma, aa In n«a« 3« lAwai* " ^ olttaal toakunf 1m& an» toian 

0 muaawta Uw toafc hA teflacUoa ai ateLfiti tta aiMaa u tin wdaaiw flbaara 
«r tte *8tea aiaM tM yIM voltt of tte aartactoX. tfMeratiaaUy. toa ataiya 
Of tkU apriflc abuaacarlitle ourw la daaarlMl ^ «im 0&*U0« iatoaliy, 
tMi earn la A»«ori»al V COO Aua to Moldcn U Ua ejatos, ^ju»* A «ia i 
lagyvaaat inloal «wma« UaAto^ idhLa)^ «f wmxv«« U varied acc«Mr«Uf to 
tte amUaittJaa vMdi tba avrinc ta daatgud. Tcr aacovla, idm » Sara* 
umtiir ot flAxtac ejal*A M not astloti^tod* a wridOf atraaa >iat tolov Ito 
)0 ylali volA^ to oaoA, itfdU vith a gxaai anator ctf flMoraa, Iba awklfl* 

atxaaa %a bald to teaa ttoa tba aoSoiwaa ismii tf tba aaitarial of a uu a lam - 
«ica. IK Iha «Ao«a-MtSoaia tofttc« tba la(W>i4 ilaXtoatiaa naa lUitaA to 
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0.fl^ lack**, nvt ««r« ««fli««lOTi t0 < 

«rf3MM «u SIMM MM 0 aft flibml )^ SMlh«» %f ^v^aUly po«i- 
) -to fMt oas taste* IN 



» ^ OpMSftlM or tta OIVMAttf tool ta> VCWIMt « ll» 

ta wU T-1-<t <!• artr nr •OOl 1» ImmA Uta tha w*!! «» MftUOMt 

irtihtte.*-«i««»tir%i*-»^p«i*»«»- tea I. tta *-i«a 

«aL flftOaf 'oft w*«Mt« Ud^ba* *1 «w« MfolHac. W.t* arw*! 

wwmA^mm Ite iaMatf, tar Aa^Umt 38 ta a»«ft wmOj %f tlfftnclAal 

99 to WlU .prtM •I*—* 3T iw « j<*4«taodB.B «tlitMl 

'^wkUi^ Jo^ *• tMOd.i»»ft w *— «* * 

U^Mlir ifc, cM Ito 1iv*TC& MfttM U «N|ik#A «ltti ite lagmml wntmm 

llM Mte OC tte HW tt t» 0^ «W%«M OatMlCXj •>1« A « »» * " ^ « ^^ y 

m.% Item ynparUflaa ta ite crSiloU tettUioi tai vf tte I9>1b| 



iy, tte tn^'-i tool 1« fMMd throB^ CM Uaur te 
««t&d It is ite CteUtft la tte wMmr a^uTlted terash>;or». 

^ tnri#itf» te>«ri.7llaB of a — taiiaft •*i*Sain* «* l«i«ftU«a 
te» te« «ot ite parpow o* «i^llfto«WO». « ^11 te «-««t«4 ttofc 

, rttir— — la tte ftatella «« «aaainMxtlo» vOl teen 
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